Most ultrafast transient absorption studies of primary electron transfer in reaction centers from purple bacteria have been performed in complexes isolated from their natural lipid membrane environment using detergent. In this contribution we present near-UV-vis transient absorption studies of reaction centers embedded in their natural membrane environment. The evolution of absorption spectra recorded with subpicosecond resolution and reecting primarily electron transfer reactions has been compared to data obtained previously for isolated reaction centers. We conclude that the overall spectral evolution in both types of samples is similar, and the environment of the reaction center protein has only a minor eect on the primary electron transfer reactions. The dierences between the two samples are explained in terms of dierent energetic levels (and their dierent temporal evolution) of the two initial charge separated states P + B − A and P + H − A , with P being the primary electron donor and BA and HA the two consecutive electron acceptors. Additionally, in the electric eld generated by P + H − A , BA in membrane-bound reaction centers undergoes a stronger electrochromic shift than in isolated reaction centers.
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The ET cofactors of the RC from the purple bacterium Rhodobacter sphaeroides and their absorbance spectra are presented in Fig. 1 [3, 4] . P A and P B are two bacteriochlorophyll (BChl) molecules forming a dimer that is a primary electron donor, P (Fig. 1A) . The BChl B A , bacteriopheophytin (BPhe) H A , and quinones Q A and Q B are consecutive electron transfer acceptors (route of electron transfer is shown by the arrows in Fig. 1A [5, 6] . The ET reactions in RCs may be summarized
where P * is the rst excited singlet state of P. In the notation used above it is assumed that the remaining ET cofactors are in their neutral state, for e.g. [5, 6, 10] . The main goal of the work described in this contribution was to compare ET reactions in mbRCs and in isolated RCs and to elucidate dierences between these two types of preparations.
Materials and methods
Antenna-decient strains of Rba. sphaeroides were grown under dark/semi-aerobic conditions as described elsewhere [1] , and intracytoplasmic membranes containing mbRCs as the sole pigmentprotein complex were isolated by breakage of harvested cells in a French pressure cell, followed by purication on 15%/40% (w/v) sucrose density step gradients [11] .
Femtosecond transient absorption pump-probe measurements were performed with ≈ 300 fs excitation at 800 nm in 2 ns temporal window and in 330700 nm spectral window as described elsewhere [6] . The mbRCs of OD 800 nm, 1 cm ≈ 1.8 were suspended in a buer comprising TrisHCl (pH 8.0)/0.025% lauryl dimethylamine oxide (LDAO) and placed in a rotating cuvette yielding a ≈ 1.5 mm optical path of the probe laser beam through the sample.
Time-resolved spectra were analyzed using global analysis tting [12, 13] and the program ASUFIT (available at www.public.asu.edu/∼laserweb/ asufit/asufit.html). In order to close RCs, a weak background illumination in the presence of 10 mM sodium ascorbate was applied [6] . It was additionally necessary to add 10 µM o-phenanthroline to mbRCs, a herbicide which replaces quinone in site Q B , as otherwise Q − A was eciently reoxidized by Q B . Figure 2 shows decay associated spectra (DAS) [12, 13] obtained in a global analysis of transient absorption spectra for open and closed mbRCs ( Fig. 2A and B, respectively) following ≈ 300 fs excitation at 800 nm. These spectra should be directly compared with the respective DAS for isolated RCs which were published previously ( Fig. 1A and D in Ref. [6] ).
Results and discussion
For open mbRCs ( Fig. 2A) , four kinetic components were resolved in the global analysis. The fastest 0.3 ps phase was assigned to energy transfer from the initially excited monomeric BChls (B A and B B ) to the primary electron donor P (excitation at 800 nm leads initially to the formation of (mainly) the excited states of B A and B B , which transfer their excited state energy to P). The two slower phases, of ≈ 5 and ≈ 240 ps were assigned to the primary charge separation (electron transfer from P * to the BPhe H A ) and charge stabilization (electron transfer from H − A to Q A ), respectively, whereas the non-decaying component was assigned to the state [6] ). This resulted in ≈ threefold shorter experiments and allowed almost all of the mbRCs to be kept in the closed state. The drawback of an experimental procedure employing a smaller number of delay times was a naturally poorer temporal resolution which inuenced mainly the subpicosecond DAS (not shown) and also to a lesser extent the next DAS attributed to charge separation (7.9 ps, Fig. 1B) . On the other hand, the two slowest DAS were fully comparable with the data obtained for open mbRCs (Fig. 2A) and for isolated RCs [6] .
We have no denite explanation for the observation of decreasing eciency of Q A reduction under continuous background low illumination. We may only speculate that under prolonged illumination (1) Despite the poorer temporal resolution in the case of closed mbRCs, the shape of the charge separation DAS (Fig. 2B, thick line) was almost identical to the respective DAS obtained for open mbRCs (Fig. 2A, thick line) .
On the other hand, the lifetime associated with this DAS increased from 4.6 ps in open mbRCs to 7.9 ps in closed mbRCs. Although the latter value may have been a little overestimated due to the poorer temporal resolution, the increase in the charge separation lifetime was real (see Fig. 3A for comparison of the absorbance changes at 544 nm, a wavelength characteristic for H A , in open and closed mbRCs). A similar increase in lifetime for charge separation was observed previously in isolated RCs upon their closure (from 5.2 to 6.4 ps [6] ; see also Refs. [15, 16] ).
The two slower DAS in closed mbRCs, 1400 ps and non-decaying (ND), were similar in shape to each other and clearly reect two phases of P + H − A → PH A charge recombination (Fig. 2B) tive DAS for isolated RCs [6] revealed minor dierences between these two types of sample (Fig. 4) . For open RCs almost all the spectral features were reproduced between isolated RCs and mbRCs in all three pairs of spectra compared in Fig. 4AC .
One small but important dierence was observed in the circled region around 600 nm in the DAS attributed to charge separation (Fig. 4A) . In the case of isolated In the case of isolated RCs, the band at 593 nm was present also in closed RCs (Fig. 4D) and its amplitude was modulated by the state of Q A (compare Fig. 4A and 4D; see also Ref. [6] ). This small band was very important in estimation of the equilibrium constant between the states P + B − A and P + H − A , and free energy gap between these two states, on the charge separation time scale [6] .
In contrast to this situation for isolated RCs, in open mbRCs there was no clear positive band at ≈ 593 nm. Instead, there was a derivative-like shape with a minimum at 605 nm and maximum at 622 nm in the spectrum of open mbRCs (Fig. 4A) , and a similar feature in the equivalent spectrum of closed mbRCs (Fig. 4D) . Such a shape may originate from the electrochromic blue-shift of the absorption band of a molecule absorbing in this spectral region in response to appearance of strong electrical eld originating from P + and H − A .
An obvious candidate for this molecule is the BChl B A , located between P and H A , although its Q X absorption band is closer to 600 nm than to 620 nm (Fig. 1B) .
A weak signature of such an electrochromic shift is also seen in isolated RCs, but a band at 593 nm is clearly dominating in this region (Fig. 4A) Inspection of the charge separation DAS in closed mbRCs (Fig. 4D) Fig. 4B and C) . The only clear dierence between the two samples was dierent relative amplitudes of particular bands the amplitudes of the blue and red parts of the spectra were larger in the case of isolated RCs (normalization was done at 545 and at 600 nm for the charge stabilization DAS (Fig. 4B ) and ND spectrum (Fig. 4C) , respectively). This eect was also observed for the charge separation (Fig. 4A, D) and charge recombination DAS (Fig. 4F) , in open and closed RCs. This eect is most likely an instrumental artifact related to the spatial overlap of the pump and probe beams inside the sample. The cross-sections of the overlapping pump and probe pulses may be energetically (pump) and spectrally (probe) inhomogeneous. Thus, some parts of the sample probed by certain colors (wavelengths) composing white light may be excited more strongly than the others and, in consequence, the amplitude of the signal in dierent parts of the spectrum may be articially modulated.
Both for closed isolated RCs and for closed mbRCs, a biphasic charge recombination was observed in the 12 ns temporal window studied (Figs. 2B, and 4EF; [6] ).
Due to the limited temporal window of the experiments the lifetimes of the faster phase (700 ps and 1400 ps for isolated RCs and mbRCs, respectively) may have quite a big error and the dierence may be not signicant. On the other hand, the non-decaying component may have a contribution from non-resolved phases of ≈ 3 and ≈ 12 ns measured for both samples using a slower experimental setup with a much wider temporal window [5, 9] . For mbRCs, the amplitudes of both phases were similar to one another (see signals at ≈ 545, ≈ 600, and ≈ 665 nm in Fig. 2B ), whereas for isolated RCs the 700 ps DAS was of much smaller amplitude than that of the ND signal (see Fig. 1D in Ref. [6] ). This makes the overall charge recombination in mbRCs faster than that in isolated RCs (see Fig. 3B This dependence explains the dierent charge recombination lifetimes of the two phases (Fig. 5) . On the other hand, the relative contributions of fast and slow charge recombination phases depends also on the rate of P + H − A energetic relaxation, the process which was proposed to be responsible for the multiphasic P + H − A → PH A charge recombination [8, 9] (Fig. 5 ). In the frame of this model, our present results suggest that on the time scale of charge recombination, the energetic relaxation of the state P + H − A is slower for mbRCs than for isolated RCs (Fig. 5) . Due to this dierence, the contribution of RCs quickly recombining to the ground state (within ≈ 7001400 ps) is bigger for mbRCs than for isolated RCs (compare Fig. 2B in this paper and 1D in Ref. [6] ). 
